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ABSTRACT

The nucleotide sequence of the NS gene of the human in-
fluenza virus A/PR/8/34 was determined and found to be the
same length (890 nucleotides) as the NS gene of another human
influenza virus A/Udorn/72 and of the avian isolate A/FPV/
Rostock/34. Comparison of the sequences of the NS genes of
the two human influenza viruses shows an 8.9% difference where-
as the NS gene of the avian isolate differs by only 8% from
that of the human strain A/PR/8/34. The extensive sequence
similarity among these three genes does not support the notion
of species specific homology groups among NS genes of avian
and human influenza virus strains. The primary sequence of
the A/PR/8/34 NS gene is consistent with the finding that the
influenza virus NS gene may code for two overlapping polypep-
tides. 1In addition, an open reading frame potentially coding
for a polypeptide 167 amino acids in length was found in the
negative strand RNA of the A/PR/8/34 virus NS gene.

INTRODUCTION

Influenza A viruses contain eight single stranded RNA seg-
ments (1-4) each of which encodes at least one polypeptide (5-10).
The genome of these viruses has been shown to undergo continuous
variation for which several mechanisms have been identified.
These include reassortment among the genes of human influenza
viruses, reassortment involving animal influenza virus strains
(11, 12, 13) and sequential mutation in individual genes of
viruses of the same subtype (14). Until recently, direct com-
parison of influenza virus gene sequences was limited to RNA-RNA
hybridization and oligonucleotide mapping techniques. With the
availability of rapid DNA cloning and sequencing techniques, the
absolute differences among the genes of different viruses can be
examined and the extent of variation determined. Furthermore,
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one can use comparative nucleotide sequence analysis to deter-
mine the structural basis for gene expression, regulation and
packaging. Within the last year, the nucleotide sequences
of several hemagglutinin genes (15-20) and one matrix protein
gene (21) have been reported and most recently the nucleotide se-
quences of the nonstructural (NS) protein genes obtained from
two different influenza viruses, one avian isolate, A/FPV/Rostock/
34 (HavlNl) (FPV), and one human isolate, A/Udorn/72 (H3N2) (Udorn),
have been reported (22,23). Results from the analyses of these NS
gene sequences are consistent with previous genetic studies (9,10,
24,25) which showed that the NS gene codes for two overlapping
polypeptides. Lamb and Lai (23) also showed that the NS2 poly-
peptide is most likely translated from a spliced mRNA whose inter-
vening sequence is contained in the coding region of the NS1 gene.
We report here the complete nucleotide sequence of the NS
gene obtained from a third strain, A/PR/8/34 (HON1l) (PR8), a human
isolate. We find that the NS gene of the PR8 virus has a nucleo-
tide sequence which is consistent with the coding capacity and
structural organization reported for the FPV (22) and Udorn (23)
virus NS genes. In comparing the PR8 NS gene to that of the FPV
and Udorn viruses we observe greater than 84% homology among the
nucleotide and amino acid sequences of all three genes. This
last observation is in contrast to previous findings based on
RNA-RNA hybridization which places the NS gene of the PR8 virus
and those of other human influenza viruses in a different homo-
logy group from that of the NS gene of the FPV virus (26).

MATERIALS AND METHODS

Virus

The human influenza virus A/PR/8/34 (HONl) was grown in embry-
onated hen's eggs. Virus purification and RNA extraction have
been described (27).

Bacterial strains

E. coli strains DP50/supF and C600 were used to propagate
recombinant A phage and plasmid pBR322 respectively.

Cloning into AgtWES-AB

Double stranded cDNA transcripts of the PR8 viral RNAs were
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prepared as described (28) except that a synthetic oligonucleo-
tide, d(AGCAAAAGCAG)rG (Collaborative Research, Waltham, MA),
which is complementary to the 3' end of all eight RNAs (29, 30,
31) was used to prime first strand synthesis. After digestion
of the double stranded DNAs with S1 nuclease, the blunt ended
DNAs were methylated with EcoRI methylase and EcoRI linkers
(Collaborative Research) were added (32). Following digestion
with EcoRI endonuclease, the cDNAs were ligated to the left

and right arms of AgtWES-AB and recombinant phages were produced
by in vitro packaging of the chimeric DNAs (33). E. coli DP50/
supF cells were infected with phage and the resulting plaques
were examined for influenza virus gene sequences by in situ hy-
bridization (34) using as probe viral RNA which was partially
digested with alkali and 5' end labeled with y-32p-ATP and poly-
nucleotide kinase. The gene derivation of the viral sequences
in each recombinant phage was identified by the "Northern" blot
technique (35): Viral RNA was fractionated by agarose gel elec-
trophoresis and the RNA blotted onto diazobenzyloxymethyl paper
(Schleicher and Schuell, Inc.). Recombinant phage DNA was nick
translated (36) and hybridized to the immobilized RNA. The gene
derivation was determined by the electrophoretic mobility of the
hybridizing RNA segment (5). One NS gene specific insert from a
AgtWES clone was subcloned into pBR322 (37) and designated pAR109.

Direct cloning into pBR322

Double stranded cDNA transcripts of PR8 virus RNA were made
as described above except that the second strand synthesis was
primed with a second synthetic oligonucleotide, d(AGTAGAAACAAG)
(Collaborative Research), which is complementary to the first
twelve residues of the 3' end of the positive c¢DNA strand (29,
30, 31). HindIII linkers (Collaborative Research) were added
to the DNAs with T4 DNA ligase (generously provided by Dr. Kathy
Squires, Columbia University, New York) and the resulting DNA
was digested with HindIII endonuclease (32). DNA fragments,
fractionated on a 1.5% low melting point agarose gel (Bethesda
Research Laboratories), were visualized by ethidium bromide
staining, excised, extracted and ligated into the HindIII site
of pBR322 (37). E. coli strain C600 was transformed with the
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chimeric DNA by the calcium chloride technique (38), and colony
hybridization with an a-32p_3cTP labeled viral cDNA probe was
used to identify bacterial clones carrying influenza virus
specific DNA (39). The gene sequences contained in each recombi-
nant plasmid were identified by the "Northern" blot technique
described above. One of the NS gene specific clones (pJZ101)

was used for sequence analysis.

DNA sequencing

Three sequencing techniques were used to determine the sequence
of the PR8 NS gene: the chemical method of Maxam and Gilbert
(40); the Forward-Backward method of Seif et al. (41); and the
chain termination procedure of Sanger et al. (42) using restric-
tion fragments of cloned DNA to prime DNA synthesis from viral
RNA with reverse transcriptase (16) (generously provided by
Dr. J.W. Beard, Division of Cancer Cause and Prevention, National
Cancer Institute).

Nucleotide sequence data were stored, edited and analyzed
in a DEC PDPl11/45 digital computer using published programs (43,
44, 45).

RESULTS

Initial attempts to clone the NS gene of the PR8 virus re-
sulted in clones which contained inserts less than 550 base pairs
long and could not be representative of the entire NS gene. One
of these clones, pAR109, was used for further analysis. Subse-
quently, a second approach using the synthetic primer
d (AGTAGAAACAAG) which is complementary to the 3' terminal
sequences of full length positive strand cDNA (29, 30, 31) re-
sulted in NS gene specific clones with DNA inserts of more than
800 base pairs. The NS gene specific DNAs from one of the latter
clones (pJzZ101) and from pAR109 were screened with several restric-
tion endonucleases and restriction maps were constructed. DNA
sequencing of the ends of these clones and comparison to direct
RNA sequencing of the PR8 virus NS gene (29, 30, 31) showed that
the pAR109 insert is 530 base pairs long and lacks the first 23
residues found at the 3' terminus of the NS gene VRNA. The pJzlol
insert was found to be identical to the 5' end of the NS VRNA and
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Figure 1. Sequencing strategy and restriction endonuclease
maps of the NS gene inserts. The DNA inserts from clones
pJz2101 and pAR109 are shown with their restriction endonuclease
sites and are aligned with respect to the PR8 NS gene. The
large closed rectangles represent the synthetic HindIII and
EcoRI linkers at the ends of the cloned DNAs. Arrows indicate
the direction of sequencing and the length of the segquence
determined by a particular technique; ( Q) the Porward-Backward
technique of Seif et al. (41), (W) the chemical method of
Maxam and Gilbert (40), (DB) the chain termination technique

of Sanger et al. (16, 42).

it extends 843 residues to the internal HindIII site at a posi-
tion 47 nucleotides from the 3' end of the VRNA.

The strategy used to determine the nucleic acid sequence of
the PR8 virus NS gene is shown in figure 1 and.the complete nu-
cleotide sequence and predicted amino acid sequences of the viral
polypeptides are presented in figure 2. The first initiation
codon in the PR8 virus NS gene is found at positions 27 to 29 and

Figure 2. (Overleaf) Complete nucleotide and predicted amino acid
sequences of the PR8 virus NS gene and comparison to those

of the NS genes of the A/FPV/Rostock/34 and A/Udorn/72

viruses. Nucleotide differences among the sequences are
underlined, and amino acid changes are indicated by rectangles.
The arrowheads indicate the possible splicing sites for the

NS2 genes. The NS gene sequences of the A/FPV/Rostock/34

and A/Udorn/72 viruses are taken from references 22 and 23
respectively.
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AFPYV/ROSTOCK/34  AGCAARAGCAGES TGACARARACATA ATE GAT TCC AAC ACT 6T6 TCA AGC TTT CAGYGTA GAC
MET ASP SER ASN THR VAL SER SER PHE GLNVAL ASP

\/

A/PR/8/34 RGCARRAGCAGGSTGACARARACATA 676 TCR AEC TTT CAG 6TA GAT
VAL SER SER PHE GLM v ASP
AUDORN/72 AGCARARGCAGSS TEACAAAGACATA AT6 GAT TCC ARC ACT 6T6 TCA AGT TTT cre¥sTh sac

MEY ASP SER ASN THR VAL SER SER PME GLNAV“L ASP

0 120
T6C TTY CTT T66 CAT 6TC C6C ARA CS@SCR 6RC 6CC CCA TTC CTT GAC CGA CTT CGC

CYS PHE LEU TRP MIS VAL ARG LYS ARG RALA ASP ALA PRO PHE LEU RSP ARG LEU ARG

T6C TTT CTT T66 CAT 6TC C6C ARA CGR GTT GCA GAC CAR GAA CTA 66T GAT 6CC CCA TTC CTT 6AT C66 CTT CGC
CYS PHE LEU TRP MIS VAL ARG LYS ARG VAL ALA ASP GLN BLU LEU 6LY RSP ALA PRO PHE LEU RSP ARG LEU ARG

T6C TTC CTT T66 CAT 6TC CTA 667 BAT 6CC CCA TTC CTT GAT €66 CTT C6C

CYS PME LEU TRP HIS VAL LEU 6LY ASP ALA PRO PHE LEU RSP ARG LEU ARG

150 180 210
CGA GAT CRG ARG TCC CTE AGE 66 AGA 66C AGC ACT CTT 66T CT6 6AC mcncn 6CT ACI C6T GTT GGA ARG
ARG

ARG ASP 6LMN LYS SER LEU ARG GLY 6LY SER THR LEU 6LY LEU RSP ILE THR ALA THR ARG VAL GLY LYS

ARG RSP GLN LYS SER LEU ARG GLY ARG 6LY SER THR LEU 6LY LEU RSP ILE 6LU THR ALA THR ARG

C6A GAT CRE AAR TCC CTR AGA 66R P66 66C AGC ACC CTC 66T €T6 GAC ATC 6A6 ACA 6CC ACA CGYSGﬂRﬁE
GLY LYS

C6A BAT CRE6 ARG TCC CTA AGE 66A REGA 66C AGC ACT CTC 66T CTA ATC &AA jecc ACC 6TT G6A ARG
ARG ASP G6LN LYS SER LEU ARG 6LY ARG GLY SER THR LEU 6LY LEU ILE 6LY ALA THR IMIS v GLY LYS

40 270
CRE ATA 6T6 6A6 C66 ATT CTS 6AR TCC G6AT 6R6 6CA CTT ARA ATE RCC 6CC TCT BTA CCT 6C

GLN ILE VAL 6LU ARG ILE LEU 6LU SER ASP 6LU ALA LEU LYS MET THR ALR SER VAL PRD AL

CRE6 RTR BT6 GRE CG6 RTT CT6 PAR 6AA GAR TCC GAT 6A6 6CA CTT ARAR ATE ACC ATE &CC TCT 6TA (CT 60 TC6
GLN ILE VAL 6LU ARG ILE LEU LYS GLU BLU SER ASP GLU ALA LEU LYS MET THR MET ALA SER VAL PRO ALA SER

CA6 ATA 6TA s»smT CT6 ARG BAA GAA TCT GAT GAG GCA CTT ARA ATG ACC AT6 6CC TcC| CCT 6CT TC6

6LN ILE YAL 6LU| ILE LEU LYS 6LU 6LU SER ASP 6LU RLA LEU LYS MET THR MET ALR SER PRO ALA SER

300 330 360
CBC TAC CTA ACT GAC ATEG ACT CTT GAA 6RE ATE TCA AGE GAC T66 TTC ATG CTC AT6G CCC APA CRG ARA 6T6 GCR

ARG TYR LEU THR ASP MET THR LEU 6LU GLU MET SER ARG RSP TRP PHE MET LEU MET PRO LYS 6LN LYS VAL ALA

CC ARE CA6 RAA GTE 6CRA

C6T TAC CTA ACT BAC ATEG ACT CTT 6A6 GRAR RTE TCR AG6 GAC T66 ﬁYS cTC

ARE6 TYR LEU THR ASP MET THR LEU 6LU 6LU MET SER ARG RSP TRP MET LEU PRO LYS GLN LYS VAL ALA

ATE r«:vsae smrca AG6 GRC T66 TTC ATG CTA ATG CCC ARG CAG AAR 6T6
MET THR 6LU GLULLEU|SER ARG ASP TRP PHME MET LEU MET PRO LYS 6LN LYS VAL

390 420
AGR ATE GAC CAG 6C6 RTC ATE ARG ARC RTC RTA CT6 ARA 6CR RAC TTC AGT 6T6 ATTY
ARG MET ASP &LMH ALA ILE MET
R6A

LYS ASN ILE ILE LEU LYS ALA ASN PHE SER vAL ILE

66C CCT CTY T6T ATC

ATE GAC CAG 6C6 ATC ATE GRT ARG RAC ATC ATA CT6 AAR GC6 ARC TTC RAGT 6T6 ATT

6LY PRO LEU CYS ILE ARG MET ASP 6LN ALA ILE MET ASP LYS ASN ILE ILE LEU LYS ALA ASN PHE SER VAL ILE

IT6 AAAR 6C6 AAT TTC AGT 6T6 ATT

66A CCT CTT T6C ATC AGA 6AC CAR 6CA ATC AT6 GAT ARG ARC ATC|
GLY PRO LEUV CYS ILE ARG ASP 6LMN ALA ILE MET ASP LYS ASN lLE

LEU LYS ALR ASN PHE SER VAL ILE
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0 48 510
TTC GAT C66 CTG GAA ACT CTC ATA CTA TTA A66 GCT ACC| 6A6 66A GCA ATT 6TC G6C 6AA ATT TCA CCA
PHE ASP ARG LEU GLU THR LEU ILE LEV LEU MRS ALA| GLU LY ALA ILE YAL GLY 6LU ILE SER PRO

TTT GAC C66 CTE GAG ACT CTA ATR TTS CTA AG6 GCT TTC ACC GAR GAG 66A 6CA ATT GTT 66C GAA ATT TCA CCA
PHE ASP ARG LEU 6LU THR LEU ILE LEU LEU ARG ALA PHE THR 6LU GLU GLY ALA ILE VAL 6LY 6LU ILE SER PRO

TTY 6AC C66 CTA 6A6 ACC CTA ATA TTA CTA AG6 6CT TTC ACC GAA 6A6 66A 6CA ATT 6TT GLC GAR ATC TCA CCA
PHE ASP ARG LEU 6LU THR LEU ILE LEU LEU ARS ALA PHE THR 6LU 6LU 6LY ALA ILE VAL ELY 6LU ILE SER PRC

»i sS40 570

TT6 CCT TCT CTT CCA CAT ACT |66 6AT 6TC AAM ART GCA ATT 666 6TC CTC ATC 66R G6A CTT 6AR TG6

LEVU PRD SER LEU PRI 6LY HIS THR U ASP VAL LYS ASN ALA ILE 6LY VAL LEV ILE 6LY 6LY LEU GLU TRP
rs'XLELEU‘T“I‘TSGII.VSIETGLNLBJ&VSERSEISEIG.U&S’LEURSNSLV

TT6 CCT TCT cnoea;amu:r NG GAT ﬂcmmm!ﬂ‘sﬁgsrc CTC ATC 666 66A CTT 6AR T66
LEU PRO SER LEU PRO 6LY WIS THR QLU ASP VAL LYS ASH ALA &Y VAL Lev 1L &V BLY LEV 6Lu TRP
[P TILE LEU LEV ARG WET SER LYS WET GLN LEV SER SER|GLYJASP LEU ASH GLY

TT6 CCT TCT| CCA;OCOTN:‘V 6A6 GAT GTC MAA AAT GCA ATT 666 6TC CTC RATC 66R 66A CTT 6AR T66
LEU PRO SER| PRO 6LY MIS THR| GLU RSP VAL LYS ASH ALA ILE GLY WAL LEU ILE GLY 6LY LEU 6LU TRP
AASP ILE LEU LEU ARG MET SER LYS MET 6LN LEU GLY SER SER SER 6LU ASP LEU ASN 6LY

$00
RAT GAT ARC ACA 6TT C6A GTC TCT GAR ACT
RSN ASP ASH THR VAL ARG VAL SER 6LU THR
WET ILE THR 6LN PHE GLU SER LEU LYS LEU TYR ARG ASP SER LEU 6LY 6LU ALR VAL MET ARG MET 6LY ASP LEU

MRT GAT ARC ACA 6TT CGA 6TC TCT GAM ACT CTA CAG AGA TTC GCT T66 REMA AGC AGT ART GAG ART 666 AGA CCT
ASH ASP ASH THR YAL ARG VAL SER GLU THR LEU GLN ARG PHE ALA TRP ARG SER SER ASH GLU ASN 6LY ARE PRO
MET ILE THR GLN PHE GLU SER LEU LYS LEU TYR ARG ASP SER LEU GLY 6LU ALA VAL MET ARG MET 6LY RSP LEU

AAT GAT MAC ACA 6TT CEA 6TC TCT ACT CTA CAS AGR TTC 6CT ASC AGT ANT GRE ART 666 AGA CCT
ASH ASP ASN THR VAL ARG VAL SER| THR LEU GLN ARG PHE ALA SER SER ASN GLU ASN GLY ARG PRO
MET ILE THR GLN PHE 6LU SER LEU LYS LEU TYR ARG ASP SER LEU 6LY GLU ALA VAL MET ARG MET GLY ASP LEV

concrc mmmmcmmmmmm Tummmmmmf
Lﬂnl.vsm Lvsmn.nmmn.t o (230 A.A.)
mssnwanmmmuv;nmmauuws&uanauﬂ.un:mml.sun.:

CCA CTC ACT CCA ARA CAG ARA CGA

6CS| ATT AG6 TCR GAR GTT TEA MGA AAT ARG ATG GTT GAT
ﬂ. ILE ARG SER BLU VAL (230 A.A.)

CCA CTT ACT CCA AMA CAG AR CG6 AAR AT 606 AGA mm
PrO (EU TR PRO LYS 6LN LYS ARG LYS MET ALA ARG
n1 LEU GLN ASN ARG ASN GLY LYS TRP ARG GLU 6LN LEU GLY GLN LYS PHE GLU GLU ILE ARG TRP LEU ILE

750 790. 210

vmmswmm:mlﬁmmammmnrmou!wnnacantmsmeccvmm!
GLU 6LU VAL ARG HIS ARG LEU LYS ILE THR GLU ASN SER PHE GLU 6LN ILE THR PHE MET GLM ALA LEU GLN
T 6M 6MR 676 AGA CTE ANG ATA ACA 6A6 AAT AGT TTT GAG CAR ATR ACA TTT ATG CAM 6CC TTA
6LU 6LU VAL ARE NI LEU LYS ILE THR 5LU ASN SER PHE 6LU GLM ILE THR PHE MET GLN ALA LEV|
T GAPA GAR GTG AGA CAC MGA CTG ARG, RCA GAG AAT AET TTT 6AG CAR ATA ACA TTC ATE CAR 6CC TTA CAS
6LU 6LU VAL ARG HIS ARG LEU LYS THR GLU ASN SER PHE 6LU GLN ILE THR PHE MET 6LN ALA LEU 6N
340 70 90
CTT GAR GTG GAG CAR GAG ATA AGA ACT TTC TCE TTT CAG CTT ATT TETTTCTACY
WMV&&UM&UIEH‘M“W“MWIL& (121 A.A.)
CTA TT6 CTT GAR GT6 GAG CAA 6A6 ATR AGA ACT TTC TCE TTT CAG CTT ATT TAGTH TOTTTCTACT
LEU LEV LEU GLU WAL GLU GLN GLU TLE ARG THR PME SER PHE GLN LEU ILE (121 A.A.)
CTA CTA SR 6TE GAA CAG GAG ATR AGA ACT TTC TCE TTT CAS CTT ATT
LEV LBV GLU VAL 6LU BLN SLU TLE ARG THR PHE SER PME GLN LEU ILE (132 A.A.)
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the reading frame remains open until the termination codon at
nucleotides 717 to 719. This region has a coding capacity for a
polypeptide of 230 amino acids. A second reading frame starting
at positions 469 to 471 can encode a polypeptide of up to 131
amino acids in length. Lamb and Lai (23) have demonstrated that
a second polypeptide, NS2, may be translated from a spliced mRNA,
the 5' end of which is the same as the NS1 mRNA. Our sequence
contains the same potential splicing signals and is consistent
with this gene arrangement. Possible splice signals are found
at nucleotide positions 54 to 57 and 526 to 529 of the PR8 NS
RNA. This spliced mRNA would code for a polypeptide 121 amino
acids long.

The NS gene sequence and predicted amino acid sequences of
the PR8 virus are compared to those of the FPV (22) and Udorn
(23) viruses in figure 2. The PR8 virus NS gene is 890 nucleo-
tides long and is the same length as that found for the FPV and
Udorn virus NS genes. Table 1 lists the percentage of single
base differences among the nucleotide sequences of these three
genes while table 2 presents the differences deduced for their

amino acid sequences.

DISCUSSION

Examination of the complete sequence reveals that the PRS
virus NS gene is 890 nucleotides long and may code for at least
two polypeptides. The structural organization of the NS1 and
NS2 genes within the smallest RNA segment of the PR8 virus
genome is consistent with the model proposed by Lamb and Lai
(23) for that of the Udorn virus NS gene. This model predicts
that the mRNA of the PR8 virus NS2 gene may derive from a
splicing event which excises sequences that encode a portion
of the NS1 gene.

In a study by another group, the sequence of the 3' ter-
minal portion of the PR8 virus NS gene has been determined by
chain termination sequencing using a synthetic oligonucleotide
to prime cDNA synthesis (46, 47). Among the 126 nucleotides
that were reported, there are six differences relative to the
PR8 NS gene sequence presented here and these base substitutions

would result in two amino acid changes. Clonal variation might
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explain the 5% difference between the two PR8 gene sequences;
however, in a study that compared the nucleotide sequences of
two hemagglutinin genes derived from viruses isolated three
years apart, a difference of only 3% was noted (16).

We have compared the complete nucleotide sequences derived
from the NS genes of the FPV, PR8 and Udorn viruses and find
that all three NS genes are 890 residues long. The small number
of differences observed among these NS genes clearly demonstrates
that they are closely related and could have derived from a
common ancestral gene. A comparison between the NS genes of the
PR8 and FPV viruses shows an 8% difference resulting from
single base changes. The comparison between the NS genes of
the PR8 and Udorn viruses shows a slightly greater difference of
of 8.9% (see table 1). It appears from this observation that
the PR8 virus NS gene is more closely related to the FPV NS gene
than to the Udorn NS gene. This is in contrast to previous
findings based on RNA-RNA hybridization analysis which showed
that the PR8 NS gene is in a homology group distinct from
that of the FPV virus (26). The suggestion that RNA-RNA
hybridization analysis can be used to group the NS genes of
human and avian influenza viruses into species specific homo-
logy groups is thus not supported by the available nucleotide
sequence data. However, sequencing data from additional human
and avian influenza virus strains will be necessary to resolve
this point.

We have also compared the amino acid sequences deduced
from the three NS gene sequences. The NS1 polypeptides of the
human strain PR8 and the avian strain FPV are of equal length
(230 amino acids) whereas that of the other human strain Udorn
is seven amino acids longer. The NS2 polypeptides of all three
strains appear to have the same length of 121 amino acids. The
observation that the NS2 polypeptides show fewer amino acid
differences (6% to 8%) than do the NS1 polypeptides (10% to 15%)
may indicate that the NS2 portions of the NS gene are more
faithfully conserved (see table 2).

It is interesting to note that the negative strands of the
three NS genes have an initiation codon at a position 98 residues

from their 5' ends and an open reading frame that extends to
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residue 598 in the NS genes of the PR8 and FPV viruses and to
residue 745 in the NS gene of the Udorn virus. A polypeptide of
167 amino acids would be predicted for the negative strand of the
PR8 and FPV virus NS genes and a polypeptide of 216 amino acids
can be predicted for that of the Udorn virus NS gene. The absence
of termination codons for such a long distance is unexpected,
since the probability of finding an open reading frame of 167 or
216 amino acids is 0.0003 and 0.00003, respectively. (This cal-
culation is based on the random appearance of three termination
codons out of the 64 possible triplets.) Conversely, 7-12 termi-
nation codons are found in each of the remaining reading frames
over the corresponding area of the FPV and PR8 NS genes and
similarly 11 and 14 termination codons are observed in the two
remaining reading frames of the Udorn NS gene. The significance
of the "agnogene" sequences (48) in the influenza virus NS

genes is not known but merits further investigation.
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